Abstract: We argue that the metamaterial approach to dielectric response engineering may considerably increase the critical superconducting temperature of a composite superconductor-dielectric metamaterial. 
Electromagnetic properties are known to play a very important role in the pairing mechanism and charge dynamics of high Tc superconductors [1] . Moreover, shortly after the original work by Bardeen, Cooper and Schrieffer (BCS) [2] , Kirzhnits et al. formulated a complementary description of superconductivity in terms of the dielectric response function of the superconductor [3] . The latter work was motivated by a simple argument that phonon-mitigated electron-electron interaction in superconductors may be expressed in the form of effective Coulomb potential
where V=4e 2 /q 2 is the usual Fourier-transformed Coulomb potential in vacuum, and  eff (q,) is the linear dielectric response function of the superconductor treated as an effective medium. Based on this approach, Kirzhnits et al. derived simple expressions for the superconducting gap , critical temperature Tc, and other important parameters of the superconductor. While thermodynamic stability condition implies that  eff (q,)>0, the dielectric response function at higher frequencies and spatial momenta is large and negative, which accounts for the weak net attraction and pairing of electrons in the superconducting condensate. In their paper Kirzhnits et al. noted that this effective medium consideration assumes "homogeneous system" so that "the influence of the lattice periodicity is taken into account only to the extent that it may be included into  eff (q,)".
In the forty years which had passed since this very important remark, we have learned that the "homogeneous system" approximation may remain valid even if the basic structural elements of the material are not simple atoms or molecules. Now we know that artificial "metamaterials" may be created from much bigger building blocks, and the electromagnetic properties of these fundamental building blocks ("meta-atoms") may be engineered at will. Since the superconducting coherence length (the size of the Cooper pair) is ~100 nm in a typical BCS superconductor, we have an opportunity to engineer the fundamental metamaterial building blocks in such a way that the effective electron-electron interaction (1) will be maximized, while homogeneous treatment of  eff (q,) will remain valid. In order to do this, the metamaterial unit size must fall within a rather large window between ~0.3 nm (given by the atomic scale) and ~100 nm scale of a typical Cooper pair. However, this task is much more challenging than typical applications of superconducting metamaterials suggested so far, which only deal with metamaterial engineering on the scales which are much smaller than the microwave or RF wavelength. Our task requires development of superconducting metamaterials which are much more refined.
Let us demonstrate that tuning electron-electron interaction is indeed possible in a metamaterial scenario. It is obvious from eq.(1) that the most natural way to increase attractive electron-electron interaction is to reduce the absolute value of  eff( q,) while keeping it negative Potentially, this may be done using the epsilon-near-zero (ENZ) metamaterial approach, which is based on intermixing metal and dielectric components in the right proportions. A negative ENZ metamaterial would maximize attractive electron-electron interaction given by eq.(1).
Another interesting possibility is to use a hyperbolic metamaterial geometry shown in Fig.1 . Typical high Tc superconductors (such as BSCCO) do exhibit hyperbolic metamaterial behavior in a substantial portion of far infrared and THz frequency ranges. It is easy to demonstrate that the effective Coulomb potential from eq.(1) assumes the form in a hyperbolic metamaterial. Since  xx = yy  1 and  zz = 2 have opposite signs, the effective Coulomb interaction of two electrons may become attractive and very strong in the hyperbolic frequency bands. The obvious condition for such a strong interaction to occur is
which indicates that the superconducting order parameter must be strongly anisotropic. This indeed appears to be the case in such hyperbolic high Tc superconductors as BSCCO. Moreover, simple consideration based on MaxwellGarnett theory indicates that ferroelectric materials appear to work best as a dielectric component of the metamaterial in both ENZ and hyperbolic metamaterial scenarios. While examples of natural hyperbolic high Tc superconductors appear to fit well into the metamaterial scheme described above, it would be interesting to try and follow the metamaterial recipe in making novel "designer" superconductors.
